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ABSTRACT 
Spatial Analysis of Motor Vehicle Accidents in Johnson City, Tennessee, as Reported to 
Washington County Emergency Communications District (911) 
by 
Katharine Bennett 
This study spatially analyzes emergency 911 call-for-service records from January 1, 2000 
through December 31, 2009 for motor vehicle accidents inside the corporate limits of Johnson 
City, Tennessee.  Records were compared according to the land use classification for adjacent 
properties, roadway type, and traffic signal proximity.  Data were evaluated through ArcGIS 
software using proximity analysis, point pattern analysis, and hotspot analysis.  
Motor vehicle accidents evaluated during this study consist of accident locations reported to the 
Washington County Emergency Communications District concerning property damage, personal 
injury, and fatalities.  Results indicate localized areas with the highest number of traffic accidents 
contain the most motor vehicle injury accidents.  Twice as many motor vehicle accidents occur 
near commercial properties compared to residential properties.  Motor vehicle accidents are more 
likely to occur on arterial thoroughfares.  Approximately 40% of injury accidents happen at 
roadway intersections, with 22% occurring at signalized intersections.  
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CHAPTER 1 
INTRODUCTION 
 As motor vehicle travel has become the principal method of transportation in the United 
States, attention to traffic patterns, roadway design, and planning is necessary to maintain a 
satisfactory level of traffic, roadway, occupant, and pedestrian safety (National Highway Traffic 
Safety Administration [NHTSA], 2009).  Injuries and fatalities from motor vehicle accidents are 
damaging to individuals and property, impose obligations and liabilities on local governments, 
and have negative impacts on the economy and society (Wang, Quddus, & Ison, 2009).  Despite 
traffic safety policy supported by the Institute of Transportation Engineers (ITE) and the 
National Highway Traffic Safety Administration (NHTSA) to reduce motor vehicle accident 
fatalities and injuries, motor vehicle accidents were the sixth leading preventable cause of death 
for 3-34 year-olds in the United States in 2006 (NHTSA, 2009).   
 In recent years, researchers who perform quantitative spatial analysis commonly employ 
the powerful spatial capabilities of Geographic Information Systems (GIS).  The graphical 
environment of GIS supports advanced spatial queries that enable visual analysis and 
investigation of accident trends and contributory relationships (Souleyrette, Strauss, Estochen, & 
Pawlovich, 1998).  The Iowa Department of Transportation, in cooperation with local law 
enforcement agencies and Iowa State University, has developed a GIS-based Accident Location 
and Analysis System (GIS-ALAS) (Souleyrette et al., 1998).  The primary purpose of GIS-
ALAS was to replace existing infrastructure with a locationally referenced highway accident 
database for the state of Iowa.  GIS-ALAS is a user friendly GIS that provides users the ability to 
query across multiple databases for specific time periods, accident types, or driver characteristics 
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(Souleyrette et al., 1998).  These efforts demonstrate the importance of efficient and accurate 
data collection methods and reflect the enhancing power of geographic information systems for 
analyzing motor vehicle accident locations from a spatial perspective (Souleyrette et al., 1998).   
The spatial exploration of emergency 911 call-for-service records of motor vehicle 
accidents builds on current accident analysis by demonstrating an unconventional data source for 
analyzing motor vehicle accidents.  Motor vehicle accidents reported to Washington County 
Emergency Communications District and occurring inside the city limits of Johnson City, 
Tennessee from January 1, 2000, through December 31, 2009, were geocoded into a geographic 
information system for spatial analysis.  One objective of this research is to compile a spatial, 
historical motor vehicle accident database of emergency 911 call-for-services records that 
provides a valid measure of traffic safety inside the City of Johnson City.   
The dependent variable under study is the density or frequency of motor vehicle 
accidents at a unique location.  Samplings of these locations are investigated through four 
independent variables: proximity to land use, adjacent land use, roadway classification, and a 
measure of severity.  Inclusion of these independent variables enhances the investigation of 
contributing spatial factors on motor vehicle accident locations.  A second objective of this 
research is to illustrate the importance of creating proactive approaches to planning and 
community design by investigating the correlation between land use development and the 
frequency of motor vehicle accidents on adjacent roadways.   
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CHAPTER 2 
LITERATURE REVIEW 
 A review of recent literature on accident analysis reveals traffic safety as a complex, 
dynamic effort involving many disciplines including transportation, engineering, planning, and 
geography.  Transportation and traffic engineers, codes enforcement and building officials, and 
community and transportation planners, all actively participate in the traffic safety in a 
community.     
Transportation 
 Personal and freight motor vehicle usage is the principal mode of transportation in the 
United States (NHTSA, 2009).  An important element considered in transportation engineering is 
the configuration and capacity of road networks (Clifton, Ewing, Knapp, & Song, 2008).  
Accessible, safe, and efficient travel on all roadway networks is a persistent necessity of a 
transportation dependent society (Box & Oppenlander, 1976).  Successful transportation 
improvements efficiently funnel traffic through roadway networks and create maximum mobility 
without compromising public safety (Box & Oppenlander, 1976).   
 Road networks are the dominant physical characteristics of urban regions, comprising 
approximately 20%-30% of city land use (Clifton et al., 2008).  Transportation engineering 
applies scientific principles and the latest technological advancements to develop, design, 
construct, and manage road networks (Pline, 1999).  Successful transportation networks provide 
for "the safe, rapid, comfortable, convenient, economical, and environmentally compatible 
movement of people and goods" (Pline, 1999, p. 1).  This dependence requires consistent 
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evaluation and examination of transportation networks with continual progression to harmonize 
with changing assumptions, priorities, and demands of a mobile society (Kulash, 1999).  
Freedom of movement and personal convenience greatly increases the volume of vehicles on 
road networks (Box & Oppenlander, 1976).  However, an unfortunate consequence of a mobile 
society is an increase in the frequency and severity of motor vehicle accidents (Anderson, 2009).  
The operation of road networks and the interaction between adjacent land use and other 
transportation networks is studied in traffic engineering (Pline, 1999).  Traffic engineering is 
composed of five functional areas:  road design, traffic operations, accident analysis, land use 
planning, and spatial research (Pline, 1999).   
Road Design 
 The planning profession has historically taken a broad outlook on road safety with the 
19th century urban grid networks designed to accommodate rapid land development (Dumbaugh 
& Rea, 2009).  The invention of the automobile and its remarkable growth and advancement in 
the first half of the 20th century created community road design based on increased functionality 
and purpose (American Association of State Highway and Transportation Officials [AASHTO], 
1994).  For example, creating wide and straight roadways serve to enhance a motorist's ability to 
travel at increased speeds while simultaneously providing ample time for a motorist to readily 
observe and react to potential traffic hazards (Dumbaugh & Rae, 2009).  
 The classification of roads is an essential element used in transportation planning that 
focuses on economic and social development (AASHTO, 1994).  This functional classification 
system provides a measure of road configuration by describing the capacity to carry traffic and 
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the patterns of adjacent land use development (Clifton et al., 2008).  Urban road networks are 
commonly segregated into local roads, collectors, arterials, and highways (Clifton et al., 2008).   
 Local roads operate with little or no thoroughfare traffic and at low speed limits to allow 
access to neighborhood properties (Tennessee Department of Transportation [TDOT], 2006).  
Collector roads provide a high degree of access to adjacent neighborhoods (Subramanian & 
Lombardo, 2007).  A collector road is designed to accommodate short travel times and channel 
traffic to arterial thoroughfares (TDOT, 2006).  Although signalized traffic intersections are a 
major element in the design of urban collector roads, they reduce traffic flow and increase 
congestion (AASHTO, 1994).  The inherent dual purpose of collector roads limits the capacity to 
handle high volumes of traffic and requires many vehicles to operate at reduced speeds (Clifton 
et al., 2008).   
 Arterial thoroughfares are designed specifically for the safety needs of motorists and 
operate primarily as high-speed, high-volume road networks through a community (Dumbaugh 
& Rae, 2009).  Because the primary purpose of the arterial is high-speed travel, it restricts access 
to individual local properties (TDOT, 2006).  While the liberal use of intersections and 
interchanges is highly desirable on arterials, it creates a road network dependent on the capacity 
of individual signalized intersections (AASHTO, 1994).  Multi-lane or other interstate designed, 
limited access highways funnel high volumes of traffic at elevated rates of speed between 
regions (Subramanian & Lombardo, 2007).  They provide minimal intersections and interchange 
points, which tend to attract land development (Clifton et al., 2008).  
 An intersection is defined as the general area where two or more roads join or cross one 
another and is a significant aspect of all transportation networks (AASHTO, 1994).  The safety 
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and cost of road networks and the effectiveness of traffic flow are dependent on the design of its 
intersections (AASHTO, 1994).  Intersections are designed to lessen the seriousness of expected 
conflicts between motor vehicles, bicycles, and pedestrians (AASHTO, 1994, p 627).  Traffic 
control devices, such as pedestrian crosswalk timers and traffic signals provide directional and 
navigational guidance to motorists entering an intersection (AASHTO, 1994).  These devices 
highlight roadway and environmental features to provide caution or warning information and 
communicate route assistance (AASHTO, 1994).  However, previous research has indicated the 
majority of motor vehicle accidents occur at or near urban intersections (Kim & Sul, 2009).  
Additionally, the occurrence of fatal motor vehicle accidents at intersections account for slightly 
more than 20% of all motor vehicle traffic fatalities in the United States every year 
(Subramanian, 2007).   
Traffic Operations 
 The state of Tennessee adheres to recommendations from the Project Planning Division 
of TDOT to collect data on roadway conditions and performance in support of the Federal 
Highway Administration (FHWA) Highway Performance Monitoring System (HPMS) (TDOT, 
2006).  Published traffic monitoring and forecasting guides provide examples for structuring 
statewide traffic engineering programs that lead to better design, planning, and operational 
decisions for transportation networks (TDOT, 2006).   
The Short Range Planning and Data Office of the Planning Division of TDOT collects, 
processes, and summarizes road condition data, congestion-related data, and traffic data (TDOT, 
2006).  Analysis of traffic data is a fundamental component in understanding transportation 
needs and is intimately involved in all decision-making processes (TDOT, 2006).  Decisions on 
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location, cost, and design of highways and traffic control systems are heavily influenced by 
traffic data (TDOT, 2006).  Programs developed and implemented to forecast future traffic 
volumes rely heavily on traffic data analysis to evaluate safety and retain compliance (TDOT, 
2006).  The typical focus of state and local agencies measures the performance and capacity of 
road networks, assesses roadway conditions, investigates impacts of congestion, and expands 
traffic safety programs and countermeasures (Pawlovich, Souleyrette, & Strauss, 1998).  Traffic 
safety officials determine accident locations with high injury rates and fatalities as a function of 
traffic volume, accident frequency, and a combination of variables relating to road classification, 
crash type, or proximity to traffic control devices (Levine, Kim, & Nitz, 1995).   
Accident Analysis 
 Conventional engineering methods and procedures for examining motor vehicle accidents 
rely mainly on data contained in a filed accident report (Pawlovich et al., 1998).  Statistical 
review generally focuses on vehicle travel direction, crash damage, type and severity of the 
crash, roadway characteristics, driver demographics, and proximity to traffic control devices 
(Box & Oppenlander, 1976).  The written description of the accident and the crash diagram 
provided in accident reports is the most qualifying factor to define a location with a high 
frequency of motor vehicle accidents (Box & Oppenlander, 1976).  
 Various national and state accident statistics, reported annually by the National Highway 
Traffic Safety Administration (NHTSA), focus on macro scale environments using aggregated 
probability-based samples of motor vehicle accidents (Levine et al., 1995).  Statistics are 
estimated through a mathematical census of accident reports from 60 various locations within the 
United States (NHTSA, 2009).  This estimation prohibits a micro-scale understanding of local 
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traffic conditions and motor vehicle accident frequency as aggregation can obscure or reverse 
statistical trends (Sabel, Kingham, Nicholson, & Bartie, 2005).   
 The state of Tennessee works in conjunction with the Federal Highway Administration in 
addressing locations with high injury rates and fatalities (TDOT, 2006).  Every year most states 
publish a required collection of motor vehicle accident statistics compiled by the United States 
Department of Transportation, the Federal Highway Administration, and the National Highway 
Traffic Safety Administration to generate national statistics (Souleyette et al., 1998).  
Identification of hazardous or potentially hazardous motor vehicle accident locations occurs 
through the investigation of traffic data that contains the crash type, severity, and accurate 
location of each motor vehicle accident (TDOT, 2006).  This information is widely used by 
government and transportation officials to make decisions impacting national and local 
transportation systems (TDOT, 2006). 
  All Tennessee law enforcement officers that investigate a traffic accident resulting in 
injury, death, or property damage above $400 are required to submit a written accident report to 
the Tennessee Department of Safety (TDOS) (TDOT, 2006).  Common variables for identifying 
hazardous or dangerous locations include type of crash, the number of cars involved, and 
weather conditions (Levine et al., 1995).  A typical Tennessee accident report contains over 100 
data fields.   
 In some states the established threshold for reporting motor vehicle accidents requires 
property damage to exceed $1000 before a report is filed (Levine et al., 1995).  This constraint 
potentially inhibits an accurate depiction of motor vehicle accident occurrences (Levine et al., 
1995).  Additionally, the accuracy and reliability of accident reports are heavily dependent on 
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observations made by the investigating law enforcement officer (Loo, 2006).  However, not all 
traffic officers are thoroughly trained to determine vehicle defects, environmental deficiencies, 
or the emotional condition of a driver (Loo, 2006).     
 The Tennessee Department of Transportation uses a severity index calculation to measure 
the correlation between the total number of motor vehicle accidents at a particular location and 
the total number of injury and fatality motor vehicle accidents (TDOT, 2006).  Severity index is 
calculated using the latest 3 years of accident data to adjust for yearly statistical variations 
(TDOT, 2006).  The severity index for an individual accident location is calculated from 
Equation 1, where I is the number of injury accidents, F is the number of fatal accidents, and C is 
the number of all accident types occurring at a given location (TDOT, 2006, p. 53).   
Equation 1: SI = (I + F) / C 
 Johnson City's Traffic Engineering Division follows established national and state 
policies and procedures for analyzing motor vehicle accidents.  One such procedure is the 
required site visit, investigation, and examination of all motor vehicle accident locations with an 
accident frequency of five or greater (Anthony Todd, personal communication, August 25, 
2010).  All locations with a fatal motor vehicle accident are also inspected regardless of the total 
number of accidents at that particular location (Anthony Todd, personal communication, August 
25, 2010).   
Land Use Planning 
 The traditional approach to land use planning configures and modifies the community 
environment from a socioeconomic perspective to accommodate population and employment 
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growth (Clifton et al., 2008).  Conventional investigative methods for motor vehicle accident 
analysis seldom incorporate variables relating to land use or the environment (Anderson, 2009).  
Previous research acknowledges the influence of geographic location on land use and 
transportation interaction (Shaw & Xin, 2003).  Changes in land use alter travel patterns, while 
roadway improvements create accessibility and encourage land development (Shaw & Xin, 
2003).  This dependent relationship influences economic development, population growth, and 
transportation and land use policy decisions (Shaw & Xin, 2003).  It also presents engineers and 
planning with the challenge of balancing the needs of a community while maintaining 
environmental integrity (AASHTO, 1994).   
 "Although road safety concerns are central to the development of conventional 
community design practice, there has been little empirical examination of the relationship 
between community design and the incidence of traffic related crashes, injuries, and deaths" 
(Dumbaugh & Rae, 2009, p. 320).  The identification of spatial variables allows an increased 
measure for both traffic and neighborhood safety by revealing patterns among specific types of 
motor vehicle accidents (Pawlovich et al., 1998).  For instance, incorporating traffic control 
improvements into concept plan review provides traffic engineers and planners the ability to 
build safer communities (City of Eugene, 2009).  While human error and mechanical vehicle 
failure are the leading causes of motor vehicle accidents, significant and influencing spatial 
factors cannot be discounted (Sabel et al., 2005).  The inclusion of spatial and proximity analysis 
for environmental and economic factors, land use demographics, or community design may lead 
to better-informed decisions for managing existing or potentially hazardous locations (Pawlovich 
et al., 1998).    
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Spatial Research 
 The analytical and statistical tools available in commercial GIS programs offer several 
options for conducting spatial analysis on motor vehicle accident locations.  Kernel Density 
Estimation (KDE) provides a quick and visual method to identify clusters or accident hotspot 
locations (Sabel et al., 2005).  Exploratory Data Analysis (EDA) uses a systematic approach to 
search for patterns and trends and is used to describe spatial distributions, identify anomalous 
locations or spatial outliers, and determine accident hotspot locations (Shaw & Xin, 2003).  GIS-
based EDA systems can be used to re-examine accident analysis procedures and methodology to 
validate individual model parameters for a particular area of concern (Shaw & Xin, 2003).  
Additionally, GIS provides functionality and accessibility for users to assess and locate temporal 
and spatial relationships hidden within a dataset (Shaw & Xin, 2003). 
 Many spatial autocorrelation tools provided with the ArcGIS software employ a null 
hypothesis stating that the studied features exhibit no spatial pattern beyond random distributions 
(Scott, 2006).  The hot spot analysis tool incorporates the Getis-Ord GI* statistic and tests for 
spatial relationships by identifying clusters of locations with high or low values (Scott, 2006).  
The measure of standard deviation, reported as Z score, is applied to each weighted data point 
through hot spot analysis (Scott, 2006).  Very high or very low Z scores indicate areas of 
analysis that deviate from hypothetical random patterns (Scott, 2006). 
 Several GIS software packages are now available for analyzing spatial development 
patterns (Clifton et al., 2008).  Accident models can illustrate the relationship between accident 
frequency and a variety of additional variables such as traffic volume, roadway characteristics, or 
socioeconomic and demographic features (Hadayeghi, Shalaby, & Persaud, 2010).  Accident 
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prediction models attempt to identify potentially dangerous locations of high frequency motor 
vehicle accidents (Kim & Sul, 2009).  Qualitative measures for road user risk can be described as 
a function of road user behaviors, operational traffic control devices, and poorly designed road 
geometrics (Kim & Sul, 2009).  Models can predict road and traffic circumstances, 
environmental conditions, and driver behaviors during motor vehicle accidents (Kim & Sul, 
2009).  Collision prediction models allow traffic engineers to distinguish unique and distinctive 
factors related to motor vehicle accident frequency at intersections, on roads or highways, and on 
transportation networks (Hadayeghi et al., 2010).  Data analysis can provide a decision making 
tool to evaluate road safety and long-range implementation of land use planning scenarios 
(Hadayeghi et al., 2010).  Modeling of traffic accident data by injury severity can lead to a better 
understanding of casually connected variables such as human behavior, roadway conditions, or 
environmental conditions (Chong, Abraham, & Paprzycki, 2005). 
 Advancements in mobile technology combined with the widespread economic use of GIS 
programs have created the need for improved data collection methods to provide accurate data 
(Souleyrette et al., 1998).  Efforts to improve the collection methods and analytical examination 
of motor vehicle accident data reflects the significance of acquiring accurate, high quality, 
complete data sets (Souleyrette et al., 1998).    
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CHAPTER 3 
METHODOLOGY 
Washington County Emergency Communications District (hereafter referred to as 
Washington County 911) located in Johnson City, Tennessee, provides public safety dispatch 
services to residents of Washington County and the city limits of Johnson City (www.wc911.org, 
accessed October 14, 2010).  The 911 system was introduced to approximately 97,000 residents 
of Washington County in November 1988 to assist with centralizing public safety requests and 
emergency responses (Washington County 911 Policy Manual, 1994).  Through a 2-year 
combined effort of city and county officials, Washington County 911 was established as a single 
answering point for emergency telephone calls requesting Johnson City police, fire, and medical 
assistance (Washington County Emergency Communications District [WCECD], 1990).   
Washington County 911 responds to all emergency 911 calls originating within or near 
the county limits of Washington County, Tennessee (WCECD, 1990).  Washington County 911 
dispatches the Johnson City Police and Fire Departments, Johnson City and Washington County 
Emergency Medical Services, and all first responder agencies within the municipal city limits of 
Johnson City (WCECD, 1990).  Washington County 911 also dispatches calls for Washington 
County Volunteer Fire Departments and the Washington County Sheriff’s Department 
(WCECD, 1990).  Emergency 911 call-for-service records also provide information on motor 
vehicle accidents that occur on private property or outside of the public right-of-ways because 
they incorporate all events that require a city officer response.   
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The quality and accuracy of spatial analysis of emergency 911 call-for-service records is 
dependent on the quality of data recorded in the 911 computer aided dispatch system (CAD).  All 
emergency 911 calls reported to Washington County 911 are recorded into a multi-user, multi-
jurisdictional CAD program.  This program is modified by multiple users and can vary in input 
configuration creating inconsistent address information, which causes irregularities in the spatial 
location of motor vehicle accidents.  The accuracy and description of an event reported to 
Washington County 911 also depends on the observations of a distressed caller and the ability of 
the dispatcher to follow emergency 911 call taking procedures (WCECD, 1990).   
Emergency 911 call-for-service records are recorded in a simplified format and often do 
not contain specifics about crash damage, victim demographics, or the speed limit of the 
roadway.  Although, this simplified format prohibits an in-depth analysis of motor vehicle 
accidents, this level of detail is accounted for in accident reporting systems used by traffic 
engineering and public safety departments.  Emergency 911 calls are not subject to bias or 
misinterpretation that potentially exists in reports filed several hours after a motor vehicle 
accident occurrence (Randall Lewis, personal communication, September 24, 2010).  When 
viewed in real time, emergency 911 call-for-service records provide an immediate depiction of 
city traffic conditions.   
Emergency call-for-service records are comprised of several simple but vital elements 
regarding an emergency event and response.  Each emergency 911 call-for-service record 
contains the date and time the call was received, location of the event, the response unit, the type 
of motor vehicle accident, and a remarks section.  Several pieces of information were grouped 
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together within a single data field.  The following data fields were separated using the Microsoft 
Excel text to columns tool.   
 Location of the event 
 Date of the event 
 Time of the event 
 Officer and dispatcher remarks 
    The location field was a mixture of street addresses, including nearby physical 
landmarks that included railroad tracks or city limit boundaries, business or place name when 
known, or suite and unit number.  Information contained in the address field was divided into 
separate pieces to generate a standardized address field for input into the ArcGIS program.  The 
date field was separated into day, month, and year to allow spatial and temporal grouping of 
records.  The time received field, provided initially in 24-hour format, required separation into 
hour, minute, and time of day (am or pm).  The remarks field was populated with officer and 
dispatcher comments associated with the motor vehicle accident such as indicating an accident 
report was filed, a citation was issued, or an arrest was made, as well as any other relevant 
information.  
The City of Johnson City GIS Division manages city infrastructure data using the 
commercial spatial product, ArcGIS, published by Environmental Systems Research Institute 
(ESRI).  The GIS Division provided the use of several spatial databases, current as of July 1, 
2010, for use in this research.  The road centerline geodatabase contained all roads inside the city 
limits of Johnson City.  Other databases provided contained stop sign locations, traffic signal 
locations, traffic camera locations, and 2007 land use designations of all properties inside the 
municipal city limits of Johnson City.   
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Geocoding 
Data processing and record standardization are the initial developments in preparing a 
database for spatial analysis.  The accuracy of address information ultimately determines the 
time necessary to achieve an acceptable geocoding correlation inside the ArcGIS program.  
Geocoding is the process of automatically matching address information for an individual record 
to road segment address ranges stored within the road centerline file.  Once the address 
information of an individual record is matched, the ArcGIS program assigns latitude and 
longitude coordinates to each matching location.  The ESRI ArcGIS software provides address-
matching options to assist in geocoding various types of databases.   
Geocoding was conducted through a standard one-field street address locator provided in 
ArcGIS.  The address locator was developed using street name components (prefix, name, type, 
and suffix) and address range values of road segments contained in the Johnson City GIS road 
centerline database.  The geocoding process interpolates the best point location along an address 
range for emergency 911 call-for-service records.  The geocoding process creates three data 
subsets for matching records to the road centerline file.  Matched records have a latitude and 
longitude assigned, while unmatched records and tied records require verification before 
manually assigning a spatial position.  Tied records occur when multiple road segments contain 
the same address range or when multiple areas exist for a single accident location.   
Despite agency partnerships to collaborate and share address and street information, the 
Johnson City GIS road centerline database and the Washington County 911 database exhibited 
several inconsistencies in address description or location.  Addressing each of these 
discrepancies more closely aligns the two datasets and greatly reduces the manual labor required 
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to independently correct the spatial accuracy of these unmatched records.  Some of these 
inconsistencies included: 
 Misspelled road names (Bart Green Rd instead of Bart Greene Rd) 
 Non-standardized street types (CR instead of CIR for Circle, PK instead of 
PKWY for Parkway, BL instead of BLVD for Boulevard) 
 Common, well-known spelling variations (Med Tech Pk instead of Med-Tech 
Pkwy)   
 Interchanging highway designations or common street names with official street 
names  (Hwy 67 instead of Cherokee Rd or Hwy 381 instead of W State of 
Franklin Rd) 
 Use of landmark and observational address information as a locational identifier 
(railroad tracks, city limit boundaries, or county line markers) 
 Modification of the Washington County 911 database was necessary in order to facilitate 
data organization and spatial queries inside the ArcGIS program.  Therefore, a new working 
accident database was created to evaluate emergency 911 call-for-service records of motor 
vehicle accidents reported from January 1, 2000, through December 31, 2009.  All records with 
the above inconsistencies were corrected in the working accident database through the find and 
replace function inside Microsoft Excel.   
The working accident database initially consisted of 48,030 emergency 911 call-for-
service records and contained 43,016 motor vehicle accidents with property damage, 4,987 
motor vehicle accidents with injury, and 27 motor vehicle accidents resulting in a fatality.  In an 
effort to reflect previous studies, only the emergency 911 call-for-service records that indicated 
an accident report was filed were selected for further examination.  This practice resulted in the 
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removal of 9, 253 emergency 911 call-for-service records from the working accident database 
and targeted motor vehicle accident records that would be analyzed by local and state 
governments.  A total of 38,777 emergency 911 call-for-service records remained in the working 
accident database for geocoding into ArcGIS. 
 Initial geocoding efforts were unable to match the majority of emergency 911 call-for-
service records for motor vehicle accidents that occurred on Interstate 26 (formerly listed as 
Interstate 181).  The large amount of unmatched records prompted a supplementary review, 
which found the following common address variations associated with many of the emergency 
911 call-for-service records occurring on Interstate 26.  
 Interstate directionals were excluded from the address location (I-26 instead of I-
26 East or I-26 West) 
 Bridge identifiers did not distinguish whether the accident occurred on, above, or 
below  the bridge (I-26 West, Bridge & Carroll Creek Rd) 
 Ramp locations did not distinguish between exit or entrance ramps (I-26 West, 
Exit 27, Ramp instead of I-26 West, Exit 27, Entrance Ramp)  
Spatial analysis of emergency 911 call-for-service records for motor vehicle accidents 
occurring on Interstate 26 requires an accurate location or a location within a predetermined 
distance of analysis.  These locations were difficult to discern given the address information 
provided in the emergency 911 call-for-service records.  Additionally, Interstate 26 is 
functionally classified as a limited access highway.  As such, this roadway contains elevated 
speed limits, heavy volumes of traffic, and primary land use development located along 
interchanges.  The occurrence of motor vehicle accidents on limited access highways is beyond 
the scope of this research.  Furthermore, as the absolute location of Interstate 26 motor vehicle 
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accidents remains unknown, requiring an assumption of location, all emergency 911 call-for-
service records associated with Interstate 26 were removed from the working accident database.  
This resulted in the removal of 4,709 emergency 911 call-for-service records from the working 
accident database, leaving 34,068 records to geocode. 
 Incidentally, six fatal motor vehicle accidents were reported on Interstate 26 throughout 
the 10-year study period.  Even though the exact spatial location of these motor vehicle accidents 
is unknown, the seriousness of these crashes denotes identification and recognition.  These six 
records are included in the supplemental maps presented in this study, but additional statistical 
analysis was not performed on any of these locations.   
The geocoding tool provided in ArcGIS was used to geocode the 34,068 emergency 911 
call-for-service records contained in the working motor vehicle accident database.  A total of 
2,104 tied and unmatched records required manual investigation after the geocoding process was 
complete.  Further review revealed an indeterminate location existed for many of these 
emergency 911 call-for-service records.  In some cases roadways intersected adjacent roadways 
at multiple locations.  For instance, W. Walnut St. crosses McKinley Rd. in two separate spatial 
locations.  Other instances resulted from duplicate road centerline address range values.  Each 
occurrence was individually examined and, when possible, aerial photography was used to 
determine the correct spatial location.  Motor vehicle accidents that could not be manually 
assigned a correct address location were removed from the working accident database, resulting 
in removal of 1,812 emergency 911 call-for-service records.  This new working accident 
database consisted of 32,256 geocoded emergency 911 call-for-service records.   
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Geocoded emergency 911 call-for-service records within the working accident database 
were summarized in ArcGIS to determine the number of motor vehicle accidents occurring at an 
individual accident location.  Associating the 32,256 geocoded emergency 911 call-for-service 
records to similar spatial locations resulted in 4,924 unique motor vehicle accident locations.  
Johnson City's Traffic Engineering Division investigates motor vehicle accidents locations with 
five or more occurrences.  To conform to this traffic engineering practice, only those motor 
vehicle accident locations with at least five accident occurrences were investigated.  Therefore, 
3,823 locations containing four or fewer motor vehicle accidents were removed from the 4,924 
unique motor vehicle accident locations.  The top 20% of the remaining 1,101 unique motor 
vehicle accident locations were selected for further investigation.  This resulted in a new working 
accident database of 220 unique motor vehicle accident locations, each consisting of at least five 
emergency 911 call-for-service records for a total of 16, 814 motor vehicle accidents.    
During the 10-year study period, fatal motor vehicle accidents occurred at 16 locations 
previously removed from the working database.  However, the severity and significance of these 
accidents requires further examination of the accident location.  Inclusion of these fatal motor 
vehicle accident locations created a working accident database of 236 unique motor vehicle 
accident locations.   
Proximity Analysis 
 Proximity to traffic signals, adjacent land use, and roadway classification have been 
recognized as potential causal influences on the relationship between land use development and 
motor vehicle accident frequency.  The City of Johnson City Planning Department commonly 
employs proximity analysis for establishing the distance between spatial features.  A 200-ft 
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radial buffer is the standard distance used to verify zoning regulation compliance for new 
developments and adjacent property owner notification for requested property rezoning and 
potential property annexation.  Therefore, this study adopted a 200-ft radial buffer as the 
standard distance for determining adjacent land use and traffic signal proximity for each motor 
vehicle accident location within the working database.   
 Adjacent Land Use.  One spatial database obtained from the Johnson City GIS Division 
contained the 2007 land use classifications for all property inside the city limits.  Three 
generalized categories of land use were created for this study: commercial, industrial, and 
residential.  A radial buffer distance of 200-ft determined the presence of commercial, industrial, 
and residential land use around each motor vehicle accident location.  Medical and public 
services, such as the Veterans Administration and East Tennessee State University, were 
included as commercial properties; while properties described as multi-family, single-family, and 
mobile home parks were designated as residential use. 
 
 Roadway Classifications.  The functional classification of each road segment is defined 
within the City of Johnson City's road centerline database and includes local roads, collector 
roads, arterial thoroughfares, and limited access highways.  Collector roads in Johnson City 
include W. Walnut St., Sunset Dr., Knob Creek Rd., and S. Greenwood Dr.  Johnson City arterial 
thoroughfares include State of Franklin Rd., W. Market St., N. Roan St., and Bristol Hwy.  The 
identification of roadway type for each motor vehicle accident location within the working 
accident database provides the ability to view the City's road networks according to traffic 
volume and vehicle congestion.         
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 Traffic Signals.  The traffic signal database obtained from the City of Johnson City was 
outdated.  The database contained traffic signals no longer in use and omitted recently installed 
traffic signals.  These inconsistencies were corrected before establishing the spatial proximity of 
motor vehicle accident locations to signalized intersections.  Motor vehicle accidents that occur 
at a traffic signal and influenced by a traffic signal are significant elements of accident analysis 
investigated by traffic engineers.  The working accident database was categorized by locations 
that occur at a traffic signal, within 200-ft of a traffic signal, or unrelated to traffic signal 
locations.   
 
Severity Index 
 The severity index calculates a yearly ratio of injury and fatal motor vehicle accidents to 
the total number of motor vehicle accidents at a location.  This index combines motor vehicle 
accident data from the previous 3 years to offset any seasonal or temporal anomalies.  For 
instance, the 2010 severity index calculation for 1805 W. State of Franklin Rd uses yearly motor 
vehicle accident totals from 2007, 2008, and 2009.  During these years this location had 4 injury 
motor vehicle accidents, no fatal motor vehicle accidents, and 29 total motor vehicle accidents.  
The resulting severity index for 2010 at this location, using equation 1 above, is 0.14.   
 The working accident database was modified in Microsoft Excel to tabulate the yearly 
number of motor vehicle accidents with injury, property damage, or a fatality for each of the 236 
locations.  For each of the 236 unique locations, a severity index was calculated for 8 time 
periods (2010, 2009, 2008, 2007, 2006, 2005, 2004, 2003).  Motor vehicle accident locations 
with a severity index of 0.5 or greater for any of the 8 time periods were investigated.  A severity 
index above 0.5 indicates a 50% chance of being injured or killed in a motor vehicle accident. 
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Point Pattern Analysis  
 The ArcGIS software provides several spatial tools for describing frequency, geometric 
center, and spatial dispersion.  Spatial geographers commonly use these statistical functions 
because of their appropriateness in describing point distributions of unique locations (Levine et 
al., 1995).  
  Standard Deviational Ellipse.  A weighted mean center value of motor vehicle accident 
density was determined for the 236 locations inside the working accident database.  A standard 
deviational ellipse was created with the directional distribution tool in ArcGIS to illustrate the 
directional trend of emergency 911 call-for-service records contained within the working 
accident database.  The standard deviational ellipse measures the dispersion or concentration of 
spatial features around the mean center of motor vehicle accident locations (ArcGIS Version 
9.3).  Motor vehicle accident frequency was used to calculate the standard deviational ellipse for 
land use, road classification, and traffic signal proximity.   
 
 Hot Spot Analysis Using Getis-Ord GI*.  The summarize function inside Microsoft 
Excel provided a frequency count of motor vehicle accidents for each location, creating a 
weighted data set and the dependent variable under study.  This weighted data set was used to 
assess the spatial patterns of emergency 911 call-for-service records for motor vehicle accidents 
and determine locations with higher or lower than expected motor vehicle accidents.  The hot 
spot analysis tool packaged with ArcGIS was used to analyze motor vehicle accident locations.  
This tool calculates a Z score, or measure of standard deviation, for each of the the 236 locations.  
Motor vehicle accident locations with a very low or very high Z score fall outside of the normal 
distribution and indicate a statistically significant area for analysis.  
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CHAPTER 4 
DATA AND ANALYSIS 
 The working accident database consisted of 236 motor vehicle accident locations 
reported to Washington County 911 from January 1, 2000 through December 31, 2009.  These 
236 locations and associated attributes are listed in text format in Appendix A.  This appendix 
provides a considerable amount of data that can be referenced for additional statistical analysis.   
Proximity Analysis 
 Motor vehicle accident locations and frequencies are shown in Figure 1.  Figure 1 also 
shows fatal motor vehicle accident locations, including the assumed spatial locations for the 6 
fatal motor vehicle accidents occurring on Interstate 26.  The Mall at Johnson City, located at 
2011 N Roan St, had the highest count of motor vehicle accidents (505) reported to Washington 
County 911 from January 1, 2000, through December 31, 2009.  Forty motor vehicle accident 
locations were reported within one mile of the Mall at Johnson City.  Motor vehicle accident 
locations occurring at an intersection of at least two roadways account for 95 of the 236 motor 
vehicle accident locations.  Seven fatal motor vehicle accident locations occurred within a one-
mile radial buffer distance of the W. Market St. and N. State of Franklin Rd. intersection, the 
second highest motor vehicle accident location.   
  
 
 
33 
 
   
 
 
 
34 
 
Adjacent Land Use 
 The top 10 motor vehicle accident locations, as shown in Table 1, occur within 200-ft of 
commercial property.  Five of these locations are near commercial properties constructed from 
January 1, 2000, through December 31, 2009.  It is interesting to note that 5 of the top 10 
locations are on N. State of Franklin Rd.  Nine of the top 10 locations occur on an arterial 
thoroughfare, with Office Max located at 3110 Browns Mill Rd occurring on a collector road.  
Seven of the top 10 motor vehicle accident locations occur at a signalized intersection.  Recently 
installed red light cameras currently monitor 4 of these 7 locations.   
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Table 1. 
Motor Vehicle Accident Locations by Highest Accident Frequency 
 
Address 
 
Accident 
Frequency 
 
 
2011 N Roan St: JC Mall  505 
 
 N State Of Franklin Rd / W Market St  484  
 Greenline Rd / N State Of Franklin Rd  472  
 W State Of Franklin Rd / W Walnut St  444  
 3110 Browns Mill Rd: Office Max  438  
 University Pkwy / S Roan St  393  
 E Mountcastle Dr / N Roan St  305  
 Knob Creek Rd / N State Of Franklin Rd  298  
 400 N State Of Franklin Rd: JC Medical Center  281  
 Browns Mill Rd / N State Of Franklin Rd  244  
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Motor vehicle accident locations with the highest frequency of injury accidents are shown 
in Table 2.  Eight of the top 10 highest motor vehicle accident locations also correspond to the 
highest locations of motor vehicle accidents with injury.  The two exceptions are the Mall at 
Johnson City at 2011 N. Roan St and Office Max at 3110 Browns Mill Rd.  Once more, 7 of the 
top 10 injury locations occur on some portion of State of Franklin Rd with 5 locations on N. 
State of Franklin Rd. and 2 locations on W. State of Franklin Rd.  Two fatal motor vehicle 
accidents also occurred on State of Franklin Rd; 204 W. State of Franklin and at the intersection 
of Bristol Hwy and N. State of Franklin Rd.   
Table 2. 
Motor Vehicle Accident Locations by Highest Injury 
 
Address  
Accident 
Frequency 
 
Injury  
 
 N. State Of Franklin Rd / W. Market St  484  56  
 Greenline Rd / N. State Of Franklin Rd  472  52  
 W. State Of Franklin Rd / W. Walnut St  444  51  
 University Pkwy / S. Roan St  393  44  
 E. Mountcastle Dr / N. Roan St  305  42  
 Knob Creek Rd / N. State Of Franklin Rd  298  41  
 400 N. State Of Franklin Rd: JC Medical Center  281  39  
 Browns Mill Rd / N. State Of Franklin Rd  244  31  
 University Pkwy / W. State Of Franklin Rd  189  31  
 Bobby Hicks Hwy / Old Gray Station Rd  102  29  
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Roadway Classifications 
 The functional roadway classification of the 236 locations was determined through the 
select by location tool provided in ArcGIS.  Several motor vehicle accident locations contained 
multiple roadway types, which are presented in Table 3.  Arterial roadways showed the greatest 
accident density with 37% of motor vehicle accident locations during the 10-year study period.  
This finding is in accordance with Clifton et al. (2008) as "commercial land development tends 
to be clustered along arterial thoroughfares with sub-regional destinations located at the 
confluence of major intersections" (p. 27).  Collector roads account for 19% and local roads 
comprise 4% of the motor vehicle accident locations.   
 
 
 
 
 
 
 
 
 
 
  
 
Table 3. 
Functional Roadway Classifications for Motor Vehicle Accident Locations 
 
Number of 
Locations 
 
Type of Roadway 
 
Percent 
 
 
87  Arterial  37 
 
 44  Collector  19  
 10  Local  4  
 41  Arterial & Local Intersection  17  
 26  Arterial & Collector Intersection  11  
 15  Collector & Local Intersection  6  
 13  Arterial & Collector & Local Intersection  6  
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Traffic Signals 
Motor vehicle accident locations were categorized according to the proximity to traffic 
signals.  Fifty-two locations were found to occur at an intersection monitored by a traffic signal; 
40 motor vehicle accident locations occurred within a 200-ft radius of a traffic signal; and 144 
locations did not occur in the vicinity of a traffic signal.  The most accident intensive area found 
during this study, the Mall at Johnson City, was one of the 144 motor vehicle accident locations 
that did not occur near a traffic signal.   
The frequency of motor vehicle accident locations with respect to the 2007 land use 
classifications within the city limits of Johnson City is displayed in Figure 2.  Figure 2 also 
shows fatal motor vehicle accident locations.  Many of the motor vehicle accident locations 
occur in areas with overlapping commercial, residential, and industrial land uses.  There were 
218 locations within 200-ft of commercial land use, which included the top 10 highest motor 
vehicle accident locations.  Five of the top 10 highest motor vehicle accident locations are in 
vicinity of commercial properties built between the years 2000 and 2009.  Twenty-two motor 
vehicle accident locations occurred within 200 feet of industrial land use.  One hundred motor 
vehicle accident locations occurred within 200 feet of residential land use.   
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Severity Index 
Motor vehicle accident locations with a severity index of 0.5 or greater are further 
examined.  A severity index above 0.5 indicates a 50% chance of being injured or killed in a 
motor vehicle accident.  A comprehensive listing of the severity index for each of the 236 
locations in the working accident database is provided in Appendix B along with spatial 
locations shown in Figure 4.  Thirty-one out of the 236 locations contained a severity index of 
0.5 or greater in any year, with none in the top 10 highest motor vehicle accident locations.  
Twenty motor vehicle accidents with a severity index above 0.5 occurred within 200 feet of 
commercial land use.  A high severity index with low accident frequency indicates motor vehicle 
accident and fatal motor vehicle accidents locations that occur outside the normal distribution of 
randomness.     
 Point Pattern Analysis 
ArcGIS software was used to illustrate the directional trend of 911 call-for-service 
records contained within the working accident database.  Assessment of the emergency 911 call-
for-service spatial patterns was used to determine locations with higher or lower than expected 
motor vehicle accidents. 
Standard Mean Deviational Ellipse.  Figure 3 illustrates the directional distribution or 
standard deviational ellipse for all land use classes studied.  In addition, this figure shows the 
standard deviational ellipse and weighted mean center for motor vehicle accident frequency from 
January 1, 2000, through December 31, 2009. 
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Hotspot Analysis Using Getis-Ord GI*.  Figure 3 illustrates the Z score, or measure of 
standard deviation, for all studied motor vehicle accident locations calculated using the hotspot 
analysis tool provided in ArcGIS.  The standard deviation measurement, based on motor vehicle 
accident frequency at each of the 236 locations, found 28 locations with a Z score above 2.0 
standard deviations.  Six of these 28 locations include the top 10 highest motor vehicle accident 
locations are found to have a z score above 2.0 as determined with the hotspot analysis.  
Although Microsoft Excel can generate a simplified Z score, the robust and comprehensive 
Getis-Ord GI* statistic combined with the hot spot analysis tool provides a better depiction of the 
spatial distribution of motor vehicle accident locations. 
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CHAPTER 5 
CONCLUSIONS 
 The spatial analysis of emergency 911 call-for-service records enhances current accident 
analysis by demonstrating an unconventional data source for analyzing motor vehicle accidents.  
This research produced a historic spatial database of 32,256 motor vehicle accidents occurring at 
4,924 locations within the city limits of Johnson City from January 1, 2000, through December 
31, 2009.  Analysis of this accident database illustrates the importance of creating proactive 
approaches to planning and community design by investigating the correlation between land use 
development and the frequency of motor vehicle accidents on adjacent roadways.     
 Currently, the City of Johnson City Planning Department relies on accident information 
provided by the Traffic Engineering Division.  This information cannot be acquired within 
current site plan review periods.  The historical accident database created for this research 
enables the City of Johnson City Planning Department to assess existing conditions at potential 
land development sites.  Accessibility to a historical accident database enables the City of 
Johnson City Planning Department to assess the impact of potential land development 
effectively.   
 Geocoding is the most critical aspect of any spatial analysis.  All spatial analysis must 
begin with accurate and precise locations of events.  Correcting address and street-name 
variations between emergency 911 call-for-service records and the City of Johnson City road 
centerline database proved to be the most time consuming aspect of the geocoding process.  In 
lieu of latitude and longitude coordinates, precision of the spatial data inherently relied on the 
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accuracy of centerline address ranges, address point locations, and addressing schema of the 
dataset.   
 An improved solution would be to geocode records with the same road centerline file 
used to create the street information for the accident records.  The optimal solution is to acquire 
latitude and longitude coordinates of motor vehicle accidents and imbed those coordinates within 
emergency 911 call-for-service records.  The acquisition of latitude and longitude coordinates of 
motor vehicle accident locations through mobile devices or GPS equipped vehicles eliminates 
errors and inconsistencies in the current method of verbal description of the motor vehicle 
accident location.  This research may serve to encourage additional cooperation between the City 
of Johnson City and Washington County 911 in an effort to maximize valuable resources and 
eliminate unnecessary manual processes associated with data analysis and geocoding.   
 Consumers' demand of automobiles over the last half of the 20th century has presented 
expectations to travel anywhere.  Today, the desire for a highly effective highway system is 
shifting to technology friendly design.  Consumer vehicles are equipped with collision avoidance 
technology systems, vehicle assisted parking, and automatic reporting of motor vehicle accident 
location, damage, and severity to 911 dispatch centers.  Mobile phones equipped with GPS 
provide live traffic updates to notify drivers of highway congestion, motor vehicle accidents, or 
other roadway impacting variables.  This technology is changing the expectations of consumers 
and society at large, requiring improvements in transportation configurations.  The future of 
technology will focus on intelligent transportation systems, traffic control devices with crash 
avoidance technology, and logistical software to adjust for increased freight vehicles on the 
roadways (Subramanian, 2007).   
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 The City of Johnson City recently implemented traffic cameras to ticket violators of 
traffic control devices at six signalized locations.  Table 4 shows the 6 intersections where traffic 
cameras were recently installed and the associated motor vehicle accident frequency from 
January 1, 2000, through December 31, 2009 for each location.  Seven of the top 10 motor 
vehicle accident locations occur at a signalized intersection.  Of these 7 locations, 4 are currently 
monitored by recently installed red light cameras.  The installation of these traffic cameras 
occurred early in 2010 and is outside the period evaluated in this study.  Future research can 
investigate the change in traffic patterns and frequency of motor vehicle accidents at the 
locations with installed traffic mitigation devices. 
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Table 4. 
Motor Vehicle Accident Locations Monitored by Camera 
 
Address  
Accident 
Frequency 
 
 N. State of Franklin Rd & W. Market St  484 
 
 W. State of Franklin Rd & W. Walnut St  444  
 N. Roan St &  W. Mountcastle Dr  305  
 W. State of Franklin Rd & Browns Mill Rd  244  
 N. Roan St &  Browns Mill Rd  233  
 N. Roan St &  Springbrook Dr  202  
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APPENDICES 
Appendix A 
Motor Vehicle Accident Location, Frequency, and Land Use Proximity 
Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
1 505 13 0 Yes No No 
2 484 56 0 Yes No No 
3 472 52 0 Yes No No 
4 444 51 0 Yes No No 
5 438 25 0 Yes No No 
6 393 44 0 Yes No No 
7 305 42 0 Yes No No 
8 298 41 0 Yes No No 
9 281 39 0 Yes No No 
10 244 31 0 Yes No No 
11 244 22 0 Yes No No 
12 233 22 0 Yes No No 
13 213 25 0 Yes No No 
14 211 25 0 Yes Yes No 
15 206 24 0 Yes No No 
16 202 28 0 Yes No No 
17 193 22 0 Yes No No 
18 192 7 0 Yes No No 
19 189 31 0 Yes No No 
20 183 4 0 Yes No No 
21 182 25 0 Yes Yes No 
22 162 24 0 Yes Yes Yes 
23 161 17 0 Yes No No 
24 149 14 0 Yes Yes No 
25 137 1 0 Yes No No 
26 132 9 0 Yes No No 
27 130 8 0 Yes No Yes 
28 123 23 0 Yes No No 
29 121 21 0 Yes Yes No 
30 121 10 0 Yes No Yes 
31 117 10 0 Yes No No 
32 117 7 0 Yes No No 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
33 113 9 0 Yes No No 
34 112 11 0 Yes No No 
35 108 26 0 Yes No No 
36 107 3 0 Yes No No 
37 102 29 0 Yes No No 
38 101 15 0 Yes Yes No 
39 98 20 0 No No No 
40 97 2 0 Yes No No 
41 96 16 0 Yes No No 
42 95 5 0 Yes No No 
43 95 19 0 Yes Yes No 
44 91 8 0 Yes No No 
45 91 7 0 Yes Yes No 
46 87 3 0 Yes No No 
47 85 8 0 Yes No No 
48 85 1 0 Yes No No 
49 85 5 0 Yes No No 
50 84 5 0 Yes No No 
51 84 10 0 No No No 
52 83 17 1 Yes Yes No 
53 82 4 0 Yes No No 
54 82 14 0 Yes No No 
55 81 14 0 Yes Yes No 
56 78 16 0 Yes Yes No 
57 78 13 0 Yes Yes No 
58 77 4 0 Yes No No 
59 77 10 0 Yes No No 
60 77 15 0 Yes Yes No 
61 75 11 0 Yes Yes No 
62 72 5 0 Yes No No 
63 72 13 0 Yes Yes No 
64 70 6 0 Yes No No 
65 68 15 0 Yes Yes No 
66 67 1 0 Yes No No 
67 66 7 0 No Yes No 
68 66 8 0 Yes Yes No 
69 66 9 0 Yes Yes No 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
70 65 11 0 Yes No No 
71 65 23 0 Yes Yes No 
72 64 8 0 Yes No No 
73 63 18 0 Yes No Yes 
74 62 18 0 Yes Yes Yes 
75 61 16 0 Yes Yes No 
76 58 4 0 Yes No No 
77 58 11 0 Yes No No 
78 58 10 0 Yes No No 
79 58 8 0 Yes Yes No 
80 57 9 0 Yes No No 
81 57 5 0 Yes No No 
82 57 6 0 Yes Yes No 
83 57 22 0 Yes Yes Yes 
84 57 8 0 Yes No No 
85 55 0 0 Yes Yes No 
86 54 8 0 Yes Yes No 
87 53 6 0 Yes No Yes 
88 53 8 0 Yes No No 
89 53 4 0 Yes No No 
90 53 8 0 Yes Yes No 
91 52 4 0 Yes No No 
92 52 9 0 Yes No No 
93 51 7 0 Yes No No 
94 50 2 0 Yes No No 
95 50 5 0 Yes Yes No 
96 50 9 0 Yes Yes No 
97 50 16 0 Yes Yes Yes 
98 49 7 0 Yes No No 
99 49 13 0 Yes No No 
100 49 5 0 No Yes No 
101 49 2 0 Yes No No 
102 49 6 0 Yes No No 
103 48 9 0 Yes No No 
104 48 4 0 Yes No No 
105 48 7 0 Yes No No 
106 47 3 0 Yes No No 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
107 47 1 0 Yes No No 
108 47 10 0 Yes Yes No 
109 46 2 0 Yes No No 
110 46 10 0 No Yes No 
111 46 7 0 Yes Yes No 
112 46 3 0 Yes No No 
113 46 0 0 Yes No Yes 
114 46 8 0 Yes Yes No 
115 44 7 0 Yes No No 
116 44 12 0 Yes No No 
117 44 9 0 Yes No Yes 
118 43 10 0 Yes No No 
119 43 7 0 Yes No No 
120 43 2 0 Yes No No 
121 43 11 1 Yes Yes No 
122 43 10 0 No No No 
123 43 14 0 Yes Yes No 
124 42 6 0 Yes No No 
125 42 7 0 Yes Yes No 
126 42 4 0 Yes No Yes 
127 42 4 0 Yes Yes No 
128 42 7 0 Yes Yes No 
129 42 7 0 Yes Yes No 
130 42 11 0 Yes Yes No 
131 41 6 0 Yes No No 
132 41 4 0 Yes No No 
133 41 4 0 Yes Yes No 
134 40 5 0 Yes No No 
135 40 8 0 Yes Yes No 
136 40 5 0 Yes Yes No 
137 40 1 0 Yes No No 
138 39 9 0 Yes Yes No 
139 39 9 0 No Yes No 
140 39 6 0 Yes Yes Yes 
141 39 0 0 Yes Yes No 
142 39 12 0 Yes Yes No 
143 39 4 0 Yes Yes Yes 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
144 39 3 0 Yes Yes Yes 
145 38 3 0 Yes Yes No 
146 38 4 0 Yes Yes Yes 
147 38 13 0 Yes Yes No 
148 38 2 0 Yes No No 
149 38 5 0 Yes No No 
150 38 1 0 No Yes No 
151 38 0 0 Yes No No 
152 37 9 0 Yes Yes No 
153 36 1 0 Yes Yes No 
154 36 7 0 Yes Yes No 
155 36 2 0 Yes No No 
156 36 7 0 Yes No No 
157 35 2 0 Yes No No 
158 35 7 0 Yes No No 
159 35 5 0 Yes No Yes 
160 36 11 1 No No No 
161 35 2 0 Yes No No 
162 35 3 0 Yes Yes No 
163 35 5 0 Yes Yes No 
164 35 2 0 Yes Yes Yes 
165 34 2 0 Yes Yes No 
166 34 4 0 Yes No No 
167 34 4 0 Yes Yes No 
168 34 5 0 No Yes No 
169 34 9 0 No Yes No 
170 34 6 0 Yes No Yes 
171 34 4 0 Yes No No 
172 34 9 0 Yes Yes No 
173 33 3 0 Yes Yes Yes 
174 33 3 0 Yes Yes No 
175 33 6 0 Yes Yes No 
176 33 6 0 Yes Yes No 
177 33 3 0 Yes No No 
178 33 0 0 Yes No No 
179 33 0 0 Yes Yes No 
180 33 10 0 Yes Yes No 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
181 33 7 0 No Yes No 
182 32 10 0 Yes No No 
183 32 4 0 Yes No No 
184 32 3 0 Yes No No 
185 32 2 0 Yes No No 
186 32 9 0 Yes No No 
187 32 5 0 Yes Yes No 
188 32 9 0 Yes Yes No 
189 31 1 0 Yes No No 
190 31 4 0 No Yes Yes 
191 31 0 0 Yes No No 
192 31 9 0 Yes No Yes 
193 31 4 0 Yes Yes No 
194 31 3 0 Yes Yes No 
195 31 4 0 Yes Yes No 
196 30 5 0 No Yes No 
197 30 12 0 Yes No No 
198 30 4 0 Yes No No 
199 30 4 0 Yes Yes No 
200 30 3 0 Yes Yes No 
201 30 3 0 Yes Yes No 
202 30 1 0 Yes No No 
203 30 7 0 Yes No No 
204 29 3 0 Yes No No 
205 29 2 0 Yes No No 
206 29 3 0 Yes No No 
207 29 6 0 Yes No No 
208 29 4 0 No No No 
209 29 4 0 Yes No No 
210 29 3 0 Yes No No 
211 28 2 0 Yes No No 
212 28 0 0 Yes Yes No 
213 28 2 0 Yes No No 
214 28 6 0 Yes No No 
215 28 3 0 Yes No No 
216 28 3 0 Yes No No 
217 28 7 0 Yes No No 
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Location 
Accident Frequency Land Use within 200 feet 
Total Injury Fatal Commercial Residential Industrial 
218 28 3 0 Yes Yes No 
219 28 8 0 Yes No No 
220 20 2 1 Yes Yes No 
221 14 2 1 Yes Yes No 
222 12 0 1 Yes Yes No 
223 10 0 1 Yes Yes No 
224 10 2 1 Yes Yes No 
225 7 2 1 Yes Yes No 
226 5 1 1 Yes Yes Yes 
227 3 1 1 Yes Yes No 
228 1 0 1 Yes No No 
229 1 0 1 No No No 
230 1 0 1 Yes No No 
231 1 0 1 No Yes No 
232 1 0 1 Yes Yes No 
233 1 0 1 Yes Yes No 
234 1 0 1 No No No 
235 1 0 1 Yes Yes No 
236 1 0 1 Yes Yes No 
 
 
 
 
 
 
 
 
 
 
57 
 
Appendix B 
Severity Index of Motor Vehicle Accident Locations 
Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
1 505 492 13 0 0.01 0.02 0.04 0.05 0.06 0.04 0.04 0.04 
2 484 428 56 0 0.13 0.14 0.14 0.14 0.13 0.10 0.10 0.08 
3 472 420 52 0 0.14 0.16 0.17 0.12 0.10 0.08 0.09 0.10 
4 444 393 51 0 0.17 0.12 0.09 0.12 0.14 0.13 0.13 0.09 
5 438 413 25 0 0.05 0.06 0.06 0.05 0.03 0.07 0.07 0.12 
6 393 349 44 0 0.09 0.12 0.16 0.17 0.14 0.09 0.08 0.10 
7 305 263 42 0 0.17 0.14 0.10 0.12 0.12 0.11 0.10 0.15 
8 298 257 41 0 0.24 0.22 0.16 0.13 0.10 0.13 0.10 0.09 
9 281 242 39 0 0.12 0.13 0.20 0.20 0.23 0.11 0.14 0.11 
10 244 213 31 0 0.11 0.12 0.15 0.17 0.18 0.14 0.10 0.09 
11 244 222 22 0 0.06 0.09 0.12 0.13 0.10 0.07 0.09 0.10 
12 233 211 22 0 0.14 0.09 0.10 0.07 0.08 0.06 0.08 0.06 
13 213 188 25 0 0.18 0.19 0.16 0.10 0.06 0.10 0.07 0.09 
14 211 186 25 0 0.10 0.14 0.19 0.19 0.11 0.10 0.08 0.09 
15 206 182 24 0 0.14 0.16 0.12 0.12 0.08 0.11 0.04 0.07 
16 202 174 28 0 0.12 0.12 0.11 0.18 0.18 0.19 0.14 0.06 
17 193 171 22 0 0.12 0.14 0.10 0.15 0.07 0.13 0.11 0.10 
18 192 185 7 0 0.01 0.00 0.02 0.05 0.06 0.08 0.06 0.05 
19 189 158 31 0 0.14 0.26 0.20 0.16 0.12 0.19 0.24 0.16 
20 183 179 4 0 0.00 0.01 0.03 0.05 0.05 0.06 0.06 0.04 
21 182 157 25 0 0.14 0.10 0.12 0.14 0.14 0.16 0.17 0.14 
22 162 138 24 0 0.08 0.05 0.13 0.14 0.17 0.21 0.19 0.23 
23 161 144 17 0 0.07 0.06 0.08 0.13 0.11 0.15 0.13 0.17 
24 149 135 14 0 0.10 0.09 0.08 0.11 0.21 0.25 0.06 0.00 
25 137 136 1 0 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
26 132 123 9 0 0.08 0.10 0.07 0.07 0.09 0.10 0.04 0.03 
27 123 100 23 0 0.32 0.22 0.18 0.07 0.08 0.12 0.19 0.28 
28 121 100 21 0 0.32 0.29 0.15 0.13 0.21 0.16 0.17 0.05 
29 121 111 10 0 0.07 0.05 0.05 0.09 0.10 0.11 0.10 0.10 
30 117 107 10 0 0.07 0.05 0.07 0.14 0.12 0.07 0.04 0.07 
31 117 110 7 0 0.08 0.08 0.08 0.04 0.04 0.05 0.04 0.05 
32 113 104 9 0 0.12 0.14 0.15 0.10 0.09 0.06 0.03 0.03 
33 112 101 11 0 0.05 0.03 0.03 0.12 0.12 0.16 0.09 0.14 
34 108 82 26 0 0.18 0.23 0.25 0.29 0.28 0.32 0.32 0.24 
35 107 104 3 0 0.04 0.02 0.03 0.00 0.00 0.00 0.00 0.00 
36 102 73 29 0 0.24 0.39 0.41 0.38 0.28 0.31 0.26 0.26 
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Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
37 101 86 15 0 0.22 0.21 0.16 0.08 0.07 0.09 0.09 0.13 
38 98 78 20 0 0.23 0.23 0.27 0.15 0.17 0.17 0.19 0.20 
39 130 122 8 0 0.10 0.12 0.07 0.06 0.03 0.05 0.03 0.03 
40 97 95 2 0 0.00 0.04 0.04 0.06 0.03 0.03 0.00 0.00 
41 96 80 16 0 0.21 0.18 0.26 0.23 0.17 0.13 0.08 0.09 
42 95 90 5 0 0.07 0.05 0.05 0.00 0.08 0.08 0.08 0.00 
43 95 76 19 0 0.27 0.28 0.18 0.05 0.10 0.17 0.25 0.16 
44 91 83 8 0 0.06 0.10 0.09 0.13 0.06 0.14 0.12 0.07 
45 91 84 7 0 0.10 0.08 0.05 0.04 0.10 0.10 0.08 0.07 
46 87 84 3 0 0.02 0.00 0.04 0.06 0.05 0.00 0.05 0.07 
47 85 77 8 0 0.11 0.07 0.11 0.10 0.15 0.09 0.09 0.04 
48 85 84 1 0 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
49 85 80 5 0 0.05 0.08 0.10 0.15 0.13 0.06 0.00 0.00 
50 84 79 5 0 0.05 0.08 0.06 0.04 0.00 0.05 0.05 0.11 
51 84 74 10 0 0.11 0.06 0.00 0.00 0.00 0.06 0.21 0.28 
52 83 65 17 1 0.00 0.00 0.00 0.00 0.50 0.25 0.22 0.20 
53 82 78 4 0 0.00 0.00 0.06 0.12 0.15 0.05 0.06 0.06 
54 82 68 14 0 0.13 0.17 0.25 0.21 0.25 0.17 0.19 0.14 
55 81 67 14 0 0.13 0.14 0.17 0.10 0.19 0.18 0.28 0.25 
56 78 62 16 0 0.05 0.07 0.07 0.22 0.22 0.26 0.20 0.29 
57 78 65 13 0 0.17 0.05 0.09 0.20 0.18 0.13 0.11 0.17 
58 77 73 4 0 0.07 0.08 0.03 0.00 0.00 0.08 0.08 0.10 
59 77 67 10 0 0.19 0.17 0.13 0.13 0.12 0.14 0.06 0.06 
60 77 62 15 0 0.20 0.26 0.24 0.26 0.30 0.20 0.13 0.06 
61 75 64 11 0 0.09 0.19 0.30 0.36 0.20 0.07 0.04 0.13 
62 72 67 5 0 0.07 0.08 0.13 0.11 0.12 0.08 0.06 0.00 
63 72 59 13 0 0.36 0.24 0.17 0.10 0.14 0.13 0.00 0.00 
64 70 64 6 0 0.11 0.10 0.12 0.12 0.06 0.00 0.00 0.07 
65 68 53 15 0 0.29 0.17 0.19 0.14 0.17 0.15 0.21 0.28 
66 67 66 1 0 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
67 66 59 7 0 0.14 0.12 0.06 0.11 0.13 0.09 0.06 0.00 
68 66 58 8 0 0.14 0.03 0.11 0.06 0.08 0.18 0.17 0.20 
69 66 57 9 0 0.06 0.12 0.13 0.10 0.08 0.16 0.21 0.25 
70 65 54 11 0 0.23 0.15 0.06 0.04 0.13 0.14 0.25 0.27 
71 65 42 23 0 0.24 0.38 0.28 0.38 0.32 0.43 0.46 0.50 
72 64 56 8 0 0.19 0.18 0.11 0.08 0.14 0.23 0.13 0.05 
73 63 45 18 0 0.29 0.17 0.18 0.25 0.36 0.40 0.37 0.30 
74 62 44 18 0 0.36 0.29 0.50 0.44 0.36 0.28 0.16 0.19 
75 61 45 16 0 0.31 0.38 0.28 0.16 0.07 0.18 0.33 0.33 
76 58 54 4 0 0.09 0.06 0.07 0.05 0.13 0.14 0.09 0.00 
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Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
77 58 47 11 0 0.19 0.24 0.24 0.21 0.15 0.20 0.20 0.00 
78 58 48 10 0 0.17 0.15 0.15 0.16 0.20 0.09 0.11 0.14 
79 58 50 8 0 0.20 0.13 0.13 0.17 0.19 0.14 0.08 0.08 
80 57 48 9 0 0.19 0.06 0.18 0.13 0.18 0.07 0.09 0.10 
81 57 52 5 0 0.07 0.10 0.13 0.27 0.17 0.07 0.00 0.00 
82 57 51 6 0 0.18 0.11 0.05 0.00 0.00 0.00 0.00 0.00 
83 57 35 22 0 0.48 0.36 0.30 0.38 0.26 0.27 0.22 0.43 
84 57 49 8 0 0.00 0.00 0.11 0.05 0.13 0.15 0.22 0.17 
85 55 55 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
86 54 46 8 0 0.19 0.21 0.13 0.17 0.13 0.11 0.12 0.07 
87 53 47 6 0 0.12 0.11 0.19 0.18 0.20 0.00 0.00 0.00 
88 53 45 8 0 0.00 0.11 0.13 0.12 0.07 0.12 0.18 0.29 
89 53 49 4 0 0.00 0.10 0.11 0.18 0.13 0.14 0.10 0.00 
90 53 45 8 0 0.11 0.16 0.33 0.24 0.21 0.00 0.00 0.00 
91 52 48 4 0 0.10 0.04 0.00 0.00 0.00 0.06 0.14 0.20 
92 52 43 9 0 0.17 0.11 0.13 0.21 0.21 0.15 0.08 0.10 
93 51 44 7 0 0.12 0.10 0.20 0.18 0.20 0.15 0.13 0.08 
94 50 48 2 0 0.05 0.06 0.09 0.00 0.00 0.00 0.00 0.00 
95 50 45 5 0 0.18 0.05 0.06 0.06 0.00 0.08 0.10 0.10 
96 50 41 9 0 0.31 0.18 0.08 0.15 0.14 0.22 0.20 0.14 
97 50 34 16 0 0.41 0.27 0.25 0.13 0.33 0.29 0.25 0.29 
98 49 42 7 0 0.10 0.06 0.10 0.00 0.17 0.29 0.33 0.23 
99 49 36 13 0 0.36 0.19 0.20 0.29 0.43 0.27 0.25 0.13 
100 49 44 5 0 0.06 0.11 0.06 0.13 0.13 0.18 0.14 0.08 
101 49 47 2 0 0.00 0.00 0.00 0.05 0.05 0.18 0.09 0.14 
102 49 43 6 0 0.14 0.22 0.33 0.30 0.18 0.08 0.07 0.07 
103 48 39 9 0 0.27 0.23 0.21 0.07 0.20 0.31 0.23 0.18 
104 48 44 4 0 0.00 0.00 0.22 0.17 0.14 0.08 0.04 0.04 
105 48 41 7 0 0.10 0.18 0.22 0.29 0.33 0.20 0.10 0.00 
106 47 44 3 0 0.15 0.22 0.18 0.00 0.00 0.00 0.00 0.00 
107 47 46 1 0 0.04 0.04 0.07 0.00 0.00 0.00 0.00 0.00 
108 47 37 10 0 0.18 0.11 0.00 0.08 0.13 0.33 0.33 0.45 
109 46 44 2 0 0.00 0.04 0.11 0.20 0.25 0.00 0.00 0.00 
110 46 36 10 0 0.17 0.25 0.29 0.33 0.21 0.08 0.00 0.25 
111 46 39 7 0 0.18 0.25 0.26 0.19 0.17 0.09 0.11 0.00 
112 46 43 3 0 0.05 0.00 0.00 0.10 0.09 0.15 0.10 0.08 
113 46 46 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
114 46 38 8 0 0.08 0.20 0.21 0.22 0.13 0.23 0.21 0.25 
115 44 37 7 0 0.12 0.13 0.00 0.19 0.38 0.38 0.22 0.00 
116 44 32 12 0 0.25 0.17 0.22 0.17 0.38 0.29 0.56 0.38 
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Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
117 44 35 9 0 0.13 0.00 0.13 0.21 0.27 0.20 0.27 0.25 
118 43 33 10 0 0.25 0.00 0.00 0.00 0.13 0.17 0.28 0.26 
119 43 36 7 0 0.11 0.05 0.10 0.14 0.27 0.30 0.33 0.25 
120 43 41 2 0 0.00 0.00 0.00 0.09 0.11 0.09 0.04 0.00 
121 43 31 11 1 0.23 0.24 0.28 0.41 0.43 0.42 0.17 0.11 
122 43 33 10 0 0.25 0.18 0.24 0.24 0.36 0.29 0.25 0.22 
123 43 29 14 0 0.37 0.31 0.33 0.13 0.29 0.56 0.50 0.33 
124 42 36 6 0 0.29 0.22 0.09 0.13 0.09 0.06 0.00 0.00 
125 42 35 7 0 0.00 0.00 0.00 0.00 0.20 0.14 0.22 0.22 
126 42 38 4 0 0.04 0.08 0.11 0.15 0.17 0.25 0.00 0.20 
127 42 38 4 0 0.12 0.15 0.27 0.11 0.05 0.00 0.06 0.20 
128 42 35 7 0 0.14 0.18 0.17 0.14 0.23 0.27 0.30 0.17 
129 42 35 7 0 0.14 0.36 0.33 0.25 0.08 0.07 0.08 0.15 
130 42 31 11 0 0.27 0.25 0.33 0.33 0.33 0.31 0.25 0.11 
131 41 35 6 0 0.17 0.18 0.21 0.13 0.20 0.00 0.00 0.00 
132 41 37 4 0 0.12 0.06 0.06 0.11 0.00 0.00 0.00 0.00 
133 41 37 4 0 0.13 0.07 0.07 0.08 0.14 0.09 0.10 0.00 
134 40 35 5 0 0.08 0.25 0.30 0.36 0.22 0.08 0.00 0.00 
135 40 32 8 0 0.29 0.27 0.20 0.33 0.27 0.27 0.08 0.08 
136 40 35 5 0 0.19 0.23 0.27 0.12 0.13 0.06 0.00 0.00 
137 40 39 1 0 0.06 0.08 0.08 0.00 0.00 0.00 0.00 0.00 
138 39 30 9 0 0.29 0.00 0.00 0.10 0.20 0.22 0.18 0.25 
139 39 30 9 0 0.24 0.29 0.29 0.36 0.10 0.09 0.09 0.20 
140 39 33 6 0 0.33 0.19 0.14 0.00 0.00 0.00 0.00 0.00 
141 39 39 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
142 39 27 12 0 0.25 0.50 0.47 0.33 0.07 0.17 0.27 0.50 
143 39 35 4 0 0.00 0.00 0.08 0.27 0.27 0.22 0.10 0.13 
144 39 36 3 0 0.07 0.06 0.14 0.08 0.15 0.08 0.09 0.00 
145 38 35 3 0 0.00 0.00 0.00 0.00 0.00 0.17 0.10 0.09 
146 38 34 4 0 0.29 0.29 0.14 0.00 0.00 0.00 0.10 0.12 
147 38 25 13 0 0.33 0.43 0.44 0.36 0.33 0.33 0.23 0.33 
148 38 36 2 0 0.07 0.11 0.08 0.11 0.00 0.00 0.00 0.00 
149 38 33 5 0 0.08 0.08 0.00 0.38 0.40 0.31 0.09 0.00 
150 38 37 1 0 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
151 38 38 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
152 37 28 9 0 0.08 0.18 0.36 0.42 0.38 0.25 0.10 0.20 
153 36 35 1 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 
154 36 29 7 0 0.08 0.09 0.17 0.33 0.36 0.23 0.11 0.13 
155 36 34 2 0 0.00 0.00 0.13 0.18 0.14 0.06 0.00 0.00 
156 36 29 7 0 0.14 0.18 0.25 0.17 0.22 0.14 0.25 0.20 
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Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
157 35 33 2 0 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
158 35 28 7 0 0.00 0.00 0.00 0.00 0.08 0.14 0.22 0.26 
159 35 30 5 0 0.17 0.36 0.30 0.25 0.00 0.11 0.10 0.10 
160 36 24 11 1 0.00 0.00 0.50 0.46 0.36 0.35 0.32 0.29 
161 35 33 2 0 0.00 0.00 0.00 0.14 0.20 0.22 0.17 0.10 
162 35 32 3 0 0.00 0.00 0.00 0.00 0.00 0.14 0.25 0.25 
163 35 30 5 0 0.11 0.27 0.22 0.21 0.07 0.00 0.00 0.00 
164 35 33 2 0 0.05 0.05 0.00 0.17 0.20 0.14 0.00 0.00 
165 34 32 2 0 0.00 0.07 0.15 0.25 0.14 0.00 0.00 0.00 
166 34 30 4 0 0.00 0.00 0.00 0.20 0.14 0.16 0.13 0.10 
167 34 30 4 0 0.09 0.00 0.11 0.14 0.22 0.20 0.17 0.09 
168 34 29 5 0 0.33 0.09 0.08 0.00 0.00 0.00 0.11 0.10 
169 34 25 9 0 0.42 0.36 0.21 0.11 0.13 0.13 0.18 0.27 
170 34 28 6 0 0.21 0.20 0.18 0.17 0.11 0.20 0.17 0.17 
171 34 30 4 0 0.07 0.07 0.07 0.14 0.25 0.33 0.20 0.00 
172 34 25 9 0 0.09 0.15 0.27 0.35 0.38 0.31 0.25 0.50 
173 33 30 3 0 0.00 0.14 0.13 0.11 0.00 0.08 0.07 0.13 
174 33 30 3 0 0.00 0.00 0.05 0.06 0.11 0.00 1.00 1.00 
175 33 27 6 0 0.25 0.09 0.11 0.14 0.20 0.18 0.09 0.17 
176 33 27 6 0 0.25 0.25 0.33 0.20 0.14 0.14 0.14 0.08 
177 33 30 3 0 0.00 0.07 0.07 0.08 0.00 0.00 0.20 0.40 
178 33 33 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
179 33 33 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
180 33 23 10 0 0.27 0.43 0.33 0.50 0.38 0.33 0.31 0.31 
181 33 26 7 0 0.31 0.23 0.14 0.17 0.25 0.30 0.14 0.00 
182 32 22 10 0 0.14 0.38 0.45 0.36 0.27 0.18 0.33 0.29 
183 32 28 4 0 0.00 0.00 0.29 0.13 0.13 0.00 0.07 0.14 
184 32 29 3 0 0.00 0.07 0.08 0.14 0.00 0.00 0.11 0.22 
185 32 30 2 0 0.00 0.00 0.00 0.00 0.17 0.20 0.18 0.07 
186 32 23 9 0 0.21 0.38 0.50 0.50 0.40 0.25 0.25 0.14 
187 32 27 5 0 0.00 0.07 0.08 0.08 0.17 0.38 0.44 0.30 
188 32 23 9 0 0.15 0.20 0.33 0.33 0.29 0.33 0.40 0.44 
189 31 30 1 0 0.00 0.20 0.17 0.25 0.00 0.00 0.00 0.00 
190 31 27 4 0 0.17 0.10 0.05 0.06 0.08 0.25 0.33 0.29 
191 31 31 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
192 31 22 9 0 0.23 0.08 0.13 0.25 0.50 0.57 0.50 0.40 
193 31 27 4 0 0.20 0.17 0.20 0.11 0.00 0.00 0.00 0.00 
194 31 28 3 0 0.00 0.00 0.67 0.18 0.13 0.05 0.07 0.07 
195 31 27 4 0 0.30 0.29 0.18 0.13 0.00 0.00 0.00 0.00 
196 30 25 5 0 0.33 0.25 0.11 0.18 0.20 0.17 0.08 0.10 
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Location 
Accident Frequency Severity Index 
Total Property Injury Fatal 2003 2004 2005 2006 2007 2008 2009 2010 
197 30 18 12 0 0.44 0.50 0.46 0.56 0.36 0.38 0.25 0.38 
198 30 26 4 0 0.17 0.22 0.25 0.10 0.20 0.11 0.13 0.00 
199 30 26 4 0 0.11 0.00 0.13 0.14 0.29 0.11 0.15 0.09 
200 30 27 3 0 0.10 0.20 0.10 0.10 0.00 0.00 0.13 0.14 
201 30 27 3 0 0.21 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
202 30 29 1 0 0.00 0.00 0.00 0.13 0.13 0.09 0.00 0.00 
203 30 23 7 0 0.25 0.21 0.27 0.20 0.29 0.20 0.40 0.29 
204 29 26 3 0 0.00 0.00 0.08 0.20 0.33 0.20 0.17 0.14 
205 29 27 2 0 0.08 0.05 0.09 0.00 0.00 0.00 0.00 0.00 
206 29 26 3 0 0.08 0.00 0.00 0.00 0.00 0.25 0.40 0.50 
207 29 23 6 0 0.23 0.22 0.08 0.00 0.00 0.00 0.00 0.00 
208 29 25 4 0 0.14 0.23 0.20 0.11 0.00 0.17 0.25 0.25 
209 29 25 4 0 0.00 0.17 0.20 0.17 0.09 0.09 0.14 0.33 
210 29 26 3 0 0.11 0.13 0.08 0.11 0.00 0.00 0.00 0.00 
211 28 26 2 0 0.06 0.08 0.14 0.17 0.00 0.00 0.00 0.00 
212 28 28 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
213 28 26 2 0 0.00 0.00 0.17 0.17 0.14 0.14 0.11 0.11 
214 28 22 6 0 0.25 0.27 0.33 0.33 0.00 0.00 0.00 0.00 
215 28 25 3 0 0.11 0.27 0.29 0.17 0.00 0.00 0.00 0.00 
216 28 25 3 0 0.00 0.00 0.00 0.00 0.11 0.17 0.30 0.18 
217 28 21 7 0 0.30 0.22 0.00 0.11 0.40 0.50 0.43 0.25 
218 28 25 3 0 0.17 0.15 0.18 0.00 0.33 0.33 0.17 0.00 
219 28 20 8 0 0.55 0.56 0.56 0.25 0.00 0.00 0.00 0.08 
220 5 3 1 1 0.00 0.00 0.00 0.40 1.00 1.00 0.00 0.00 
221 1 0 0 1 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 
222 1 0 0 1 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 
223 1 0 0 1 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 
224 1 0 0 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
225 10 9 0 1 0.00 0.00 0.33 0.25 0.50 0.00 0.00 0.00 
226 1 0 0 1 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 
227 14 11 2 1 0.29 0.14 0.00 0.00 0.00 0.25 0.20 0.20 
228 7 4 2 1 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.67 
229 3 1 1 1 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 
230 1 0 0 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
231 12 11 0 1 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.14 
232 1 0 0 1 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 
233 1 0 0 1 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 
234 1 0 0 1 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 
235 20 17 2 1 0.33 0.14 0.17 0.00 0.00 0.00 0.00 0.33 
236 10 7 2 1 0.00 0.00 0.33 0.50 0.50 0.50 0.40 0.20 
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